Purpose The purpose of this study is to evaluate the influence of follicle-stimulating hormone receptor (FSHR) Asn680Ser polymorphism on the ovarian response to exogenous folliclestimulating hormone (FSH) and clinical outcomes in women undergoing controlled ovarian hyperstimulation (COH). Methods A database search was conducted to identify the eligible studies that investigated the effect of FSHR Asn680Ser polymorphism on ovarian response and clinical outcomes. A pooled analysis was performed with the odds ratio (OR) or weighted mean difference (WMD) and their respective 95 % confidence interval (CI) by the STATA software with random effects model. Results Sixteen cohort studies comprising a total of 4287 subjects were included. The number of retrieved oocytes was significantly fewer in subjects with the SS genotype at position 680, compared to subjects with the NN or NS genotype (WMD=−1.36, 95 % CI=−1.85 to −0.87). Lack of association was detected between the genotypes (SS genotype vs. NN or NS genotype) and clinical outcomes such as exogenous FSH dose (WMD=98.96 IU, 95 % CI=−22.33 to 220.24), poor response (OR=1.08, 95 % CI=0.71-1.64), ovarian hyperstimulation syndrome (OHSS) (OR=1.58, 95 % CI=0.41-6.07), and clinical pregnancy rate (OR=1.10, 95 % CI=0.86-1.40). However, poor ovarian response and number of retrieved oocytes were significantly influenced by the Asn680Ser polymorphism in the Asian subjects. In addition, no publication bias was detected. Conclusion FSHR Asn680Ser polymorphism might be a significant biomarker for predicting the number of retrieved oocytes and poor response, especially in Asian subjects. Other outcomes such as exogenous FSH dose, OHSS, and pregnancy rate were not influenced by FSHR Asn680Ser polymorphism.
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The prevalence of infertility has significantly increased over the recent decades, affecting about 15 % of all couples at reproductive age [1] . However, this problem was not successfully overcome until the development of in vitro fertilization (IVF) [1] . Today, 2-3 % of all births in developed countries are estimated to be the result of IVF procedures [2] . However, assisted reproduction technique (ART) is a complicated program which requires controlled ovarian hyperstimulation (COH) with exogenous follicle-stimulating hormone (FSH) to achieve maturation of multiple follicles and oocytes. The effectiveness and safety of IVF treatment depend substantially on the ovarian response to exogenous FSH [1] . However, the ovarian response to stimulation with gonadotropin was varied, ranging from poor to high responses [3] . In addition, a standard fixed dose of gonadotropin may not be suitable for all women, and thus selecting a suitable initial dose of gonadotropin plays an important role in determining the outcomes of COH and subsequent IVF. The women with poor response may easily suffer from few or no mature follicle which results in cancellation of IVF procedures. Conversely, women with high response would be at risk of developing potentially lifethreatening ovarian hyperstimulation syndrome (OHSS) [4] . In Italy, nearly 4500 cycles were cancelled every year due to abnormal responses to gonadotropin stimulation [5] . Therefore, individualization and optimization of the stimulation protocols were needed to minimize the risk of OHSS while maximizing the probability of live birth. With the rapid development of pharmacogenetics, genetic biomarkers are now considered as a promising approach to improve response rate and minimize adverse events.
FSH and its receptor (FSHR) play a significant role in follicle development and regulation of steroidogenesis within the ovary [6] . The loss-of-function mutation in FSHR gene was found to be associated with ovarian dysfunction [7] . Recently, hundreds of common variants or single-nucleotide polymorphisms (SNPs) of the FSHR gene have been identified. In these variants, two substitutions in exon 10, an asparagine-serine change at position 680 (Asn680Ser) and an alanine-threonine change at position 307 in the amino acid sequence (Ala307Thr), particularly have been proposed to be associated with ovarian dysfunction and alter the effect of COH in women with normal ovarian function [8, 9] . As these two polymorphisms are in near-complete linkage disequilibrium, most previous studies have only focused on the Asn680Ser variant [8] . Most studies evaluating the role of FSHR genetic polymorphisms showed that homozygosity for the serine variant (SS) at position 680 in ovulatory patients was associated with higher baseline FSH levels [10] . In addition to these SNPs, splice variants in FSHR that have been identified in women undergoing ovarian stimulation may also contribute to the variability in ovarian response. However, results from multiple studies are conflicting, and previous meta-analyses have failed to confirm the association between FSHR Asn680Ser polymorphism and the outcomes related to COH [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . A pooled analysis of only four studies, as well as a recent meta-analysis, showed that the 680 SS genotype of FSHR played a role in the ovarian response during stimulation with exogenous gonadotropin [11, 30] . However, our previous meta-analysis concluded that, except for basal FSH levels, none of the COH outcomes in terms of peak estradiol levels, gonadotropin dose, oocytes retrieved, or pregnancy rate was significantly associated with different genotype groups [10] . Therefore, considering the conflicting results from previous meta-analysis and the substantial number of original studies, an updated meta-analysis was necessary to evaluate the role of FSHR Asn680Ser polymorphism in ovarian response and other IVF outcomes in women undergoing COH.
Methods
The meta-analysis was performed according to Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guideline. Formal institutional review board approval was not required because only published data were pooled.
Search strategy
A database search was conducted to identify the relevant studies in PubMed, Cochrane Library, and Web of Science regardless of their language and publication status until April 2015. To investigate the relationship between FSHR Asn680Ser SNP and COH outcomes, the following search strategies were used without any other restrictions: (FSHR OR FSH OR follicle-stimulating hormone OR FSH receptor) AND (polymorphism OR genotype OR genetic OR pharmacogenetics) AND (in-vitro fertilization OR ovulation induction OR IVF OR COH OR controlled ovarian hyperstimulation OR controlled ovarian stimulation OR ICSI). In addition, references of review articles and included trials were manually searched to identify the additional eligible studies.
Study selection
One reviewer initially evaluated articles for eligibility (HT). The selected articles were reevaluated by another reviewer (YY), and the final inclusion decision was based on consensus between the two reviewers. Studies were included if they met the following criteria: (1) patients underwent IVF/ICSI, (2) FSHR genotyping was performed in some or all of the patients, and (3) ovarian response and COH outcomes were presented based on genotypes.
Data extraction and quality assessment
Data from all eligible studies were extracted and summarized independently by two reviewers (HT and YY). The following background information was extracted from the studies: (1) design, (2) region, (3) procedure, (4) cause of infertility, and (5) treatment protocol. In addition, the following outcomes were extracted: (1) total gonadotropin used, (2) number of retrieved oocytes, (3) clinical pregnancy rate, and (4) ovarian response including incidence of poor response and OHSS. If the minimum, median, and maximum values were provided instead of the mean and standard deviation (SD), the mean and SD were estimated by the use of a method described elsewhere [31, 32] . In addition, if needed, two subgroups (such as NN, NS) were combined into a single group (NN+NS) according to a method described previously [31] . Any discrepancy was resolved by consensus. If possible, the original authors were contacted for the more detailed information by e-mail.
The quality of included studies was assessed by two reviewers (HT and WS) independently through a checklist derived from the Strengthening the Reporting of Genetic Association (STREGA) recommendations for reports on genetic association studies [33] and modified according to the quality checklist described elsewhere [34, 35] .
Statistical analysis
STATA version 12.0 (Austin, TX, USA) was used to calculate the weighted mean difference (WMD) for continuous data and the odds ratio (OR) for dichotomous data with their 95 % confidence intervals (CIs), respectively. Heterogeneity for each outcome analysis was assessed by the I 2 statistic, with I 2 ≤25 %, 25 %<I 2 <50 %, and I 2 ≥50 % considered as low, moderate, and high degree of heterogeneity, respectively. Considering the clinical heterogeneity across the included studies, a random effects model, rather than a fixed effect model, was used to pool the data for each outcome. In addition, a meta-regression was carried out to explore the reasons for heterogeneity across all eligible trials and a subgroup analysis was also performed to assess whether the pooled outcomes could vary by patient characteristics (such as region). Finally, publication bias was assessed by using Egger's or Begg's test.
Results

Identification of studies and quality assessment
A total of 1019 citations were initially retrieved with our search strategy, in which 1003 citations were carefully excluded. Only 16 studies involving 4287 patients were included in our meta-analysis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The process of identification of the eligible studies and the reasons for exclusion were presented in Fig. 1 . In addition, Table 1 presented the characteristics of the 16 included studies. All these studies were published between 2000 and 2015, and most of the studies were performed in Europe and Asia. The number of patients involved in each study varied from 20 to 1052. The quality of the included studies was presented in Table 2 .
Total dose of exogenous FSH
The total exogenous FSH requirement during the COH was evaluated based on the 16 studies [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . As shown in Fig. 2 
Number of retrieved oocytes
Fourteen studies evaluating the association between FSHR Asn680Ser genotype and number of retrieved oocytes were 
Ovarian response
Seven studies provided the data about the ovarian response in terms of poor response outcome [3, 17, 18, 21, 22, 24, 27] . As shown in Fig. 4 , there was no significant difference in poor response rate between the subjects with SS genotype and those with NN or NS genotype (OR=1.08, 95 % CI=0.71-1.64, P=0.139) with high heterogeneity (I 2 =50.2 %), which was confirmed in the European subgroup (OR=0.95, 95 % CI=0.57-1.59, P=0.847). However, there was a significant Only two studies evaluated the incidence of OHSS [19, 24] . The results of meta-analysis showed that there was no significant difference between SS group and (NN+NS) group (OR=1.58, 95 % CI=0.41-6.07, P=0.504) with no significant heterogeneity (I 2 =0 %), which indicated that FSHR Asn680Ser could not be a genetic biomarker to predict the OHSS.
Rate of clinical pregnancy
Ten studies provided the data regarding the clinical pregnancy rate [15-18, 20, 21, 23-25, 27] . As shown in Fig. 5 , there was no significant difference between SS and (NN + NS) groups (OR=1.10, 95 % CI=0.86-1.40, P=0.454) with low heterogeneity (I 2 =6.6 %). Subgroup analysis did not show any difference in the subgroup of European (OR=1.37, 95 % CI= 0.90-2.09, P=0.145) or Asian group (OR=0.95, 95 % CI= 0.71-1.28, P=0.753). Fig. 4 Forest plots for the relationships between the FSHR Asn680Ser polymorphism and ovarian response sub-grouped by regions. The black dots and horizontal lines are the study-specific OR and 95 % CI, respectively, and the diamonds represent the pooled OR and 95 % CI. OR odds ratio, CI confidence interval 
Meta-regression and publication bias
Meta-regression analysis confirmed that none of the considered factors (such as design, region, procedure, and protocol) was the main source of heterogeneity (all P values >0.05). There was no publication bias detected by Egger's or Begg's test in any of the associations reported above (all P values >0.05).
Discussion
The identification of the variants of FSHR has facilitated the research regarding their value as predictors of ovarian response to an exogenous stimulation in women undergoing COH. In recent years, most of the FSHR genotype-based studies focused on the Asn680Ser polymorphism. However, results from previous meta-analysis and individual studies about the association between this polymorphism and COH outcomes were still inconsistent. Based on evidence from 16 recent studies, FSHR Asn680Ser polymorphism might influence the number of retrieved oocytes, but significance of this polymorphism to COH outcomes was poor, in terms of clinical parameters such as exogenous FSH dose, incidence of ovarian response, and clinical pregnancy rate. An interesting finding in our studies is that FSHR Asn680Ser might be a promising genetic marker for predicting the ovarian response in Asian patients.
In IVF programs, exogenous FSH is administered for ovarian stimulation. Determining the dose of FSH to attain optimum response is still one of the ongoing challenges in the field of infertility management in IVF clinics. To identify genetic markers for guiding personalized dosing of exogenous gonadotropin, numerous studies have been carried out to evaluate individual variability in the ovarian response to gonadotropin [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Consistent with our previous meta-analysis, as well as many original studies, no significant difference was observed in total amount of exogenous FSH when comparing subjects harboring the SS genotype with those harboring the NN or NS genotype, but the subjects with the SS genotype displayed a trend to need more exogenous FSH (WMD= 98.96 IU, 95 % CI=−22.33 to 220.24). However, the subgroup analysis by region revealed a different trend: unlike the subjects from Asia and Europe, the subjects carrying the SS genotype from India tend to need less exogenous FSH. These results showed that the ovarian response to exogenous FSH might differ between ethnicities. However, only one study involving 50 Indian subjects was included and studies larger in scale are needed. Further analysis regarding the number of oocytes retrieved showed that fewer oocytes were retrieved in the SS group than those in the NN or NS group (WMD=−1.36, 95 % CI=−1.85 to −0.87), suggesting that patients with the SS genotype had lower sensitivity to FSH. Therefore, same exogenous FSH dosage given to the patients without considering the genetic background might result in better outcomes in the subjects with the NS or NN genotype than those with the SS genotype. Similar results were found in the Asian subgroup, but not in European or Indian subgroups. Therefore, to achieve adequate ovarian stimulation and retrieve enough oocytes, patients carrying the SS genotype might need a higher dosage of exogenous FSH than those carrying the NN or NS genotype, especially in Asian subjects. Furthermore, FSHR polymorphism may represent a predictive marker for the response to exogenous FSH during COH treatment. The results from two meta-analyses showed that the SS genotype was associated with a poor response during COH [11] . However, our study found no significant association between Asn680Ser polymorphism and ovarian response without considering racial background. In contrast, Asian subjects with the SS genotype had a higher risk of poor ovarian response than those with the NN or NS genotype (OR=1.50, 95 % CI=1.04-2.16), and this result was consistent with the genotype-specific difference in the number of oocytes retrieved. However, in the term of OHSS, a lack of significant difference was observed between SS and (NN+NS) groups (OR=1.58, 95 % CI=0.41-6.07).
The rate of pregnancy in an IVF cycle is considered as a critical measure to determine the IVF outcome. However, there is a lack of consistent evidence regarding this outcome in recent association studies. In the included studies, only the study by Klinkert et al. reported that the subjects with the SS genotype were more likely to have a higher pregnancy rate when compared with those with the NN genotype [17] . However, our meta-analysis from 10 studies comprising a total of 2762 subjects showed that there was a lack of association between the FSHR Asn680Ser polymorphism and the rate of pregnancy (OR=1.10, 95 % CI=0.86-1.40). When taking ethnic background into account, subgroup analysis revealed a difference between Asian (OR=0.95, 95 % CI=0.71-1.28) and European (OR=1.37, 95 % CI=0.90-2.09), which might be interpreted by the fewer oocytes retrieved and poor response in Asian subjects with the SS genotype. Further studies are necessary to confirm whether higher exogenous FSH could influence the number of oocytes and eventually improve the clinical pregnancy rate.
Admittedly, there were some limitations in the present meta-analysis. Firstly, our work only focused on the data about FSHR Asn680Ser polymorphism. Other FSHR polymorphisms, such as Ala307Thr, -29G >A, and -211G >T, might also play a role in modulating ovarian response to gonadotropin administration [19, 36] . However, the role of these polymorphisms was not assessed in our study, because the available studies about these polymorphisms are few and further studies are necessary to confirm their clinical associations. Secondly, although a meta-regression and a subgroup analysis were conducted to explore the source of heterogeneity across the included studies, we cannot exclude the possibilities of other confounding factors, such as the ethnicity. Multiple ethnicities were included and analyzed in the original trials, which limits the sub-analysis by region rather than ethnicity.
Thirdly, insufficient subjects (2767 subjects) and few frequency of SS genotype (506 subjects, about 19 % of all subjects included) detected in the population limited the power to provide a reliable and conclusive suggestion. Further, more welldesigned trials are warranted to confirm the findings.
In summary, our meta-analysis of current available studies suggested that FSHR Asn680Ser polymorphism might be a significant biomarker for predicting the number of retrieved oocytes and poor response, especially in Asian subjects. Other outcomes such as exogenous FSH dose, OHSS, and pregnancy rate were not influenced by FSHR Asn680Ser polymorphism. However, it does not translate into statistically significant differences in these clinical outcomes, possibly due to insufficient sample size in the meta-analysis. Further investigations will be required to confirm these findings.
